Abstract. Microsatellite instability (MSI) is associated with the prognosis in several cancers and is used for determination of the chemotherapy regimen in stage II colon cancer in the National Comprehensive Cancer Network guideline. However, the association between MSI and the prognosis of gastric cancer remains unclear. PubMed database was searched until January 2014 using MeSH terms and key words to identify the studies evaluating MSI and prognosis of gastric cancer and the references were manually searched. The main outcome was the overall survival rate and the subordinate outcome was the association between high-frequency MSI (MSI-H) and clinicopathological characteristics. Eight studies met the inclusion criteria and the majority of data were collected retrospectively. There were 1,976 patients, 431 of which were MSI-H patients, with a range of 11.68-33.82%. Four studies used the National Cancer Institute panel to define MSI-H, the other four had microsatellite markers ranging 2-11. Significant associations were found in three studies and the overall summary estimate was hazard ratio, 0.63 (95% confidence interval, 0.52-0.77), with no evidence of inter-study heterogeneity (I 2 =0.0%). MSI-H patients were identified to have a tendency to have less lymph node (LN) metastasis, superficial tumor invasion and to be intestinal type. In conclusion, MSI-H gastric cancers have an improved prognosis, accompanied with reduced risk of LN metastasis, tumor invasion and mortality.
Introduction
Gastric cancer is one of the most common malignant tumors in the world with a poor prognosis. Although its incidence and mortality has been decreasing in recent years, it is still the second leading cause of cancer-related mortality (1, 2) . In order to administer and treat gastric cancer optimally, studies on the prediction for the prognosis and the treatment efficacy of gastric cancer were focused for a long time. The prognosis of gastric cancer was affected by numerous aspects, such as gastric cancer staging, location, histological type, biological behavior and therapeutic measures. However, a previous study showed that mutation or gene polymorphism in certain important molecules, such as epidermal growth factor receptor, human epidermal growth factor receptor 2 and c-Met, are also involved in the prognostic prediction (3). However, there are no commonly accepted prognostic biomarkers that are used clinically. Therefore, further investigation and analysis is required.
Microsatellite DNA are widespread, short and repetitive DNA sequences that are randomly distributed in the human genome (4) . When mismatch repair genes, including hMLH1 and hMSH2, are inactivated, replication errors, such as insertions or deletions of bases within microsatellite regions, cannot be repaired. These phenomena are known as microsatellite instability (MSI). Alternatively, MSI can also be caused via epigenetic promoter methylation (5, 6) . For characterizing and classifying MSI, a panel of five markers for the analysis of MSI was validated and recommended by the National Cancer Institute (NCI) in 1997, including two mononucleotide repeats (BAT-25 and BAT-26) and two dinucleotide repeats (D5S346, D2S123 and D17S250) (7) . If ≥2 of the five markers show instability, these genotypes are grouped into high-frequency (MSI-H). When only one marker shows instability, these genotypes are grouped into low-frequency (MSI-L), and when no marker shows instability, these are grouped into microsatellite stable (MSS). As more markers have been found, >5 markers were used in the detection of MSI, such as DP1, NM23, p53, NR-21 or DCC microsatellite loci, and the principle has been optimized. MSI-H is defined as having 30-40% instability markers, while MSI-L is defined when instability markers are <30-40% (7, 8) . This is not the only principle, as Bethesda Guidelines have revised that MSI-H can be defined when having instability at a mononucleotide loci and MSI-L is having limited instability at only a dinucleotide loci, and mononucleotide repeats were shown to be more sensitive compared to dinucleotide loci in detecting MSI (9) (10) (11) .
MSI, since being first described in hereditary nonpolyposis colorectal cancer (CRC) (12) , has been found in numerous familial and sporadic human neoplasms (5) . MSI is proved to be a mostly molecular mechanism involved in carcinogenesis and development. MSI has been used in the prognosis of numerous types of cancer. For example, MSI-H is associated with a good prognosis in CRC, but no significant association was found between MSI-H and prognosis in early endometrial cancer. MSI-H forecasted a bad prognosis in breast cancer (13) (14) (15) . In gastric cancers, the incidence of MSI-H varies from 8.2-37%, which was decided by the number of cases investigated. Patients with gastric cancer and MSI-H tend to be older, female, distal located, with a well-differentiated adenocarcinoma type and in lower tumor stages (6, (16) (17) (18) (19) (20) (21) (22) . The association between MSI-H and gastric cancer prognosis remains ambiguous. Certain studies support that MSI-H is associated with a good prognosis (6, (18) (19) (20) (21) (23) (24) (25) while others are conflicting (16, (26) (27) (28) .
Therefore, the present study is a meta-analysis to identify whether MSI is associated with the prognosis in gastric cancer by assembling the current opinions and the pooled result. The pooled analysis showed that patients with MSI-H have a reduced risk of lymph node (LN) metastasis, tumor invasion and mortality compared to those with MSI-L/MSS. Furthermore, MSI-H gastric cancers have an improved prognosis. The present analysis will provide a whole evaluation for the effect of MSI on the prognosis of gastric cancer.
Materials and methods
Search strategy. The PubMed electronic database was searched until January 2014 using MeSH terms and key words. The strategy included 'microsatellite instability' or 'MSI' or 'replication error phenotype' combined with 'stomach neoplasm' or 'stomach cancer' or 'stomach carcinoma' or 'gastric neoplasm' or 'gastric cancer' or 'gastric carcinoma' combined with 'prognosis' or 'outcome' or 'survival' or 'DFS' or 'OS'. In addition, the references and review studies were manually searched to identify other relevant studies to ensure integrity. Primary authors were not contacted.
Eligibility criteria. The search was restricted to human studies that were published in peer-reviewed journals in English. Studies assessing the association between MSI and prognosis in gastric cancer with notable outcomes [overall survival (OS) in gastric cancer with MSI] were included. Reviews, single case reports, unrelated and duplicated studies were excluded. Studies that did not allow the extraction of the hazard ratio (HR) and 95% confidence interval (CI) were included in the systematic review but excluded from meta-analysis. Two investigators read the full texts of the relevant studies and applied the eligibility criteria independently. Any disagreement was assessed by a third investigator.
Quality assessment. Currently, a standard assessment for observational studies is not available. The Newcastle-Ottawa Quality Assessment Scale (NOS) for case-control studies was used for reference (29) . Quality assessment was performed by the two independent investigators and any disagreement was solved by a third investigator.
Data extraction. Two investigators extracted the information from all the studies independently, including: First author, year of publication, distribution of clinical pathological factors, such as tumor stage, Lauren's classification and treatment interventions, and MSI definition.
Data analysis. Meta-analysis was performed between patients with MSI+ (MSI-H) and with MSI-(MSI-L/MSS) to explore the association between MSI and OS. Only the studies that reported HR with 95% CI were included in the meta-analysis. The HR and 95% CI were calculated for pooling if not available from the study, using the total number of events (fatalities and relapse) and numbers at risk in each group or the Kaplan-Meier survival curves provided (30) . In order to explore the association between the status of MSI and OS comprehensively, the association between the MSI status and clinicopathological features in the eight studies were analyzed. Data were analyzed using Stata 12.0 software (StataCorp, College Station, TX, USA) with a random effects model. Inter-study heterogeneity was estimated using I 2 statistics. Sensitivity was analyzed by removing certain studies with low quality. All the statistics were two-sided and P<0.05 was considered to indicate a statistically significant difference.
Results
Eligible studies. In total, 162 studies were searched using MeSH terms and key words from the Pubmed database until January 2014. A total of 24 review studies were removed and 12 were removed for not assessing clinical patients, while 13 did not analyze gastric cancer. The title and abstract of the remaining 113 studies were assessed; however, 80 studies were not regarding the topic between MSI and gastric cancer prognosis and four were not in English. Therefore, 29 full texts of potentially eligible studies were read independently by two investigators, and 15 studies were excluded for not providing the association between OS and MSI status (MSI-H and MSI-L/MSS), two were excluded for not reporting HR but reported the relative risk (RR) of MSI-H compared to MSI-L/MSS, while one study did not report HR but the odds ratio (OR). Two studies were excluded for offering the survival curves of MSI-H, MSI-L and MSS separately so that the HR of MSI-H could not be calculated compared to MSI-L/MSS and one study offered a rough Kaplan-Meier survival curve that a HR with an existing error was calculated from, so it was therefore removed. Finally, there were eight studies used in the meta-analysis; three of these were manually calculated (30) . There was a good agreement between the two investigators ( Fig. 1) .
Characteristics of the studies. The characteristics of the studies are summarized in the Table I. In total, 1,976 patients were analyzed, of which there were 431 MSI-H patients, range 11.68-33.82%. Two studies collected the data prospectively. The follow-up period ranged 1-260.9 months. The majority of the patients had adenocarcinoma and advanced gastric cancer. More than half the patients had intestinal type according to the Lauren classification. Almost all the patients received surgery (Table I) .
MSI analysis.
A variety of MSI markers were used in the assessment of the MSI status within the meta-analysis. Four studies analyzed the MSI-H status using ≥2 loci of five markers showing instability (6, 9, 18, 20) . Two studies used only mononucleotide markers (21, 31) ; in which ≥1 loci showed instability, and was defined as MSI-H. The other two studies used 8 and 11 markers, respectively (19, 24) . Tumors with MSI-L and MSS showed similar clinicopathological characteristics, so therefore, these two types were classified together to compare to the tumors with MSI-H.
Survival analysis.
Eight studies provided the OS data for pooling. The HR and 95% CI for each study and the summarized HR are shown in Fig. 2 . The estimate pooled was HR, 0.63 (95% CI, 0.52-0.77), with no evidence of heterogeneity (I 2 =0.0%). The funnel plot is shown in Fig. 3 , and a little asymmetry can be observed. This result was verified by the quantified evaluation using Begg's test (P= 0.063), therefore no evident publication bias was discovered in these studies. The studies by Hayden et al (24) and Beghelli et al (21) had clear differences in the definition of MSI-H, so therefore these were removed when evaluating sensitivity; the outcome changed respectively into HR, 0.62 (95% CI, 0.50-0.75) and HR, 0.66 (95% CI, 0.51-0.85), with no evidence of heterogeneity (I 2 =0.0 and 8.6%, respectively) and the funnel plot showed a little more symmetry than previously.
In order to reveal the association, the clinicopathological characters, such as LN metastasis, tumor invasion, tumor-node-metastasis (TNM) stage and Lauren classification, have been analyzed. The pooled OR in LN metastasis that was positive for MSI-H compared to MSI-L/MSS is 0.59 (95% CI, 0.47-0.76), the pooled OR in T3-T4 invasion is 0.5 (95% CI, 0.39-0.64) and the pooled OR in II-IV stage in TNM phase is 0.7 (95% CI, 0.39-1.24). The pooled OR in intestinal type is 2.3 (95% CI, 1.76-3.01). All the results have no evident heterogeneity (Figs. 4-7) .
Discussion
Mismatch repair deficiency is an important molecular mechanism in carcinogenesis and has a clear effect on prognosis. In CRC patients, cancers with MSI-H have an improved prognosis Compared to the previous research, MSI-H patients have a long survival in gastric cancer. For investigating the association between MSI-H and a superior prognosis, the information was repeatedly analyzed and identified that one study (24) used only the English population; this study was carried out in 1997, which is much earlier than the other studies. Furthermore, the markers in this study are extremely different to the other studies (11 markers in which ≥1 was showing instability and can be classified as MSI+), therefore the study was excluded. When the study was excluded, the conclusion did not change and the funnel plot became a little more symmetrical than previously. The reduced publication bias was also confirmed by Begg's test (P= 0.23). The sample in this study is small (101 patients) and the weight is 2.03, which leads to the meta-analysis having little sensitivity to the study. Subsequently, another study was removed that had a different MSI-H definition and the weight was a little heavier (21); the conclusion and the publication bias did not change. Therefore, MSI-H patients have an improved prognosis in gastric cancer. This conclusion can possibly indicate that MSI-H patients may have an improved prognosis compared to MSI-L. With this conclusion, the concrete reflection of the different prognoses is required. Subsequently, the clinicopathological features of the different patients were analyzed and it was identified that those with MSI-H appeared to have a smaller risk in LN metastasis and T invasion. These patients were also inclined to have the intestinal type. Less LN metastasis, shallower T invasion and intestinal type are known to predict a good prognosis, so this is possibly the reason why patients of MSI-H have a long OS. As a result, increasing attention should be paid to the MSI-L gastric cancer patient by administering a stronger treatment. In contrast to the patients with MSI-L/MSS cancer, MSI-H patients in CRC had an improved prognosis, as well as a worse sensitivity to 5-FU-based chemotherapy. This phenomenon indicates that the MSI-H patients with gastric cancer may also have the same characteristic. Therefore, the research regarding the medicinal sensitiveness between MSI-H and MSI-L is extremely necessary, which may guide the physician to improve the choice of the chemotherapy treatment. However, there is little research regarding the medicinal sensitiveness of MSI-H patients in gastric cancer.
The present meta-analysis has certain limitations. First, the majority of studies are retrospective and cannot be controlled manually leading to certain selective bias. Therefore, the random effects model was used. Second, there is not a unified standard for the evaluation of observational study, so NOS was used for reference. In addition, the patients analyzed have a variety of different parameters, including pathology, stage, location, treatment strategy and MSI-H definition. Four studies used the NCI panel and three studies used ≥1 mononucleotide loci, while the remaining study used ≥1 loci that did not limit the type of loci; this study was removed to conduct a sensitivity analysis and the result did not show a significant difference. Eight studies were pooled, only two of which provided the association between the MSI status and OS information in the tumors of different stage. Therefore, no pooled conclusion regarding the MSI status and OS in stages I-IV was achieved.
The pooling of studies is not sufficient, so a large sample clinical trial focusing on prognosis and prediction is required, in which the independent outcome in different stages or different treatment strategies should be stated. A convenient and economical MSI detection method and evaluation standard of observational study should be unified.
